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CI

:   confidence interval

CPS

:   Combined Positive Score

DFS

:   disease‐free survival

HLA

:   human leukocyte antigen

MSI

:   microsatellite instability

NSCLC

:   non‐small‐cell lung cancer

ORR

:   objective response rate

OS

:   overall survival

PD‐1

:   programmed death‐1

PD‐L1

:   programmed death ligand‐1

PFS

:   progression‐free survival

PS

:   performance status

TIL

:   tumor‐infiltrating lymphocyte

TMB

:   tumor mutation burden

1. INTRODUCTION {#cas14380-sec-0001}
===============

Immune checkpoint blockade has radically changed the treatment of certain cancers.[^1^](#cas14380-bib-0001){ref-type="ref"}, [^2^](#cas14380-bib-0002){ref-type="ref"}, [^3^](#cas14380-bib-0003){ref-type="ref"} The PD‐1 pathway is critical to the regulation of host defenses aimed at eradicating tumors and has been implicated in immune system evasion by tumors.[^4^](#cas14380-bib-0004){ref-type="ref"}, [^5^](#cas14380-bib-0005){ref-type="ref"} Since the development of immunotherapy for cancer treatment, efforts have been directed towards the identification of biomarkers that can be used to predict response to therapy. Programmed death ligand‐1, CD8^+^ TILs, and HLA class 1 are common biomarkers that have been linked to outcomes with oncological immunotherapies.[^6^](#cas14380-bib-0006){ref-type="ref"} In other tumor types, expression levels of PD‐L1 have been linked to OS, DFS, treatment efficacy, and treatment outcomes.[^7^](#cas14380-bib-0007){ref-type="ref"}, [^8^](#cas14380-bib-0008){ref-type="ref"}, [^9^](#cas14380-bib-0009){ref-type="ref"} CD8^+^ TILs have been associated with outcomes,[^10^](#cas14380-bib-0010){ref-type="ref"}, [^11^](#cas14380-bib-0011){ref-type="ref"} and HLA class 1 expression has been linked to treatment efficacy, relapse‐free survival, and OS.[^12^](#cas14380-bib-0012){ref-type="ref"}, [^13^](#cas14380-bib-0013){ref-type="ref"}

Nivolumab is a genetically engineered, fully human IgG4 mAb targeted at human PD‐1.[^14^](#cas14380-bib-0014){ref-type="ref"} A multicenter, open‐label, uncontrolled, phase II study evaluated the efficacy and safety of nivolumab in 65 Japanese patients with advanced esophageal cancer refractory or intolerant to standard chemotherapy.[^15^](#cas14380-bib-0015){ref-type="ref"} After a median follow‐up of 10.8 months, central assessment of clinical response revealed an ORR of 17%, with disease control in 42% of patients.[^15^](#cas14380-bib-0015){ref-type="ref"} Centrally assessed PFS was 1.5 months, and 25% of patients had stable disease. According to investigator assessment, tumor burden and the size of target lesions decreased in 45% of patients.[^15^](#cas14380-bib-0015){ref-type="ref"} These results suggested that nivolumab prolonged long‐term survival in these patients.

The long‐term efficacy of nivolumab in the treatment of esophageal cancer refractory or intolerant to standard chemotherapy in Japanese patients was further assessed for 2 years after the initial dosing of the last patient. This paper presents an update of the efficacy results obtained 2 years after the initial dosing of the last patient, and the results of a subgroup analysis investigating associations between the activity of nivolumab and the biomarkers PD‐L1, CD8^+^ TILs, and HLA class 1.

2. MATERIALS AND METHODS {#cas14380-sec-0002}
========================

2.1. Study design and patients {#cas14380-sec-0003}
------------------------------

Details of the study design and patients enrolled in the study have been published previously.[^15^](#cas14380-bib-0015){ref-type="ref"} Briefly, eligible patients were: (i) 20 years of age or older and had esophageal cancer, with the major lesion (either unresected or resected) located in the cervical or thoracic esophagus and pathologically proven to be of squamous cell carcinoma, adenosquamous cell carcinoma, or adenocarcinoma histology; (ii) refractory or intolerant to fluoropyrimidine‐, platinum‐, and taxane‐based chemotherapy; and (iii) not eligible for radical resection. Patients had an ECOG PS of 0‐1, a life expectancy of at least 90 days, and adequate organ function. Patients with apparent tumor invasion to adjacent organs, symptomatic brain metastases, or multiple primary cancers were excluded. Also excluded were patients with a current or past history of chronic or recurrent autoimmune disease, interstitial lung disease or pulmonary fibrosis, or diverticulitis or symptomatic gastrointestinal ulcerative disease.[^15^](#cas14380-bib-0015){ref-type="ref"}

All patients provided written informed consent, and the study protocol was reviewed by the institutional review board of each study site prior to study initiation.[^15^](#cas14380-bib-0015){ref-type="ref"} Additional patient consent was required for participation in the biomarker analysis. The study was carried out in compliance with the ethical principles that have their origins in the Declaration of Helsinki.

2.2. Treatment {#cas14380-sec-0004}
--------------

Patients received nivolumab 3 mg/kg as a 60‐minute i.v. infusion every 2 weeks in 6 weekly cycles (ie, 3 doses of nivolumab per cycle), until disease progression or unacceptable toxicity.[^15^](#cas14380-bib-0015){ref-type="ref"}

2.3. Efficacy end‐points {#cas14380-sec-0005}
------------------------

Efficacy outcomes for this study have been previously defined.[^15^](#cas14380-bib-0015){ref-type="ref"} Briefly, the primary end‐point was centrally assessed ORR, defined as the proportion of patients with a best objective response of complete or partial response. Secondary end‐points included OS, ORR (assessed by investigator), PFS, change in tumor burden, time to response, time to disease progression, and duration of response.

2.4. Biomarker analysis {#cas14380-sec-0006}
-----------------------

Patients who provided written consent were scheduled for tumor tissue collection during the screening phase and 28 days after the end of the treatment phase following completion of efficacy evaluations. Analyses were undertaken centrally, PD‐L1 by MOSAIC Laboratories, and CD8^+^ and HLA class 1 by LSI Medience.

Tumor expression of PD‐L1, CD8^+^, and HLA class 1 in human tissues was assessed in formalin‐fixed paraffin‐embedded tumor sections using immunohistochemistry. A single pathologist assessed PD‐L1 tumor expression. The PD‐L1 staining was carried out using the PD‐L1 IHC 28‐8 pharmDX (Dako/Agilent Technologies, Santa Clara, CA) according to the manufacturer's instructions with the Dako Autostainer Link‐48 system (Dako/Agilent Technologies, Santa Clara, CA.). The percentage of positive cells was calculated, and cut‐off values of 1%, 5%, and 10% of stained cells were used to define PD‐L1 positivity after due consideration.

The CD8^+^, HLA class 1, and negative control staining were undertaken using 3 slides per sample. Positive control tissue was established for each and used to confirm a satisfactory staining process. Monoclonal mouse anti‐human Ab (clone, C8/144B; isotype, IgG1 kappa; Agilent Technologies) was used for staining CD8^+^ cells. Staining of HLA class 1 using anti‐HLA class I primary Ab (HLA‐A, B, and C, mouse IgG1; Medical & Biological Laboratories) and negative control was undertaken with a pretreatment system and automatic staining system of the Autostainer Link 48 (Dako/Agilent Technologies). The number of CD8^+^ T cells was counted, as well as the number of TILs. For HLA class 1 expression, the number of infiltrated lymphocytes in tumor cells was identified using H&E staining (40× objective magnification) and the positive rate of expression (%) and cellular localization were determined. Positive rate was calculated using the following formula: positive rate (%) = mean number of positive cells / mean total number of tumor cells × 100. The method used to analyze data for CD8^+^ expression was as follows: patients were stratified according to the median number of TILs (63.75% or less vs greater than 63.75%) and each of these groups was further dichotomized according to CD8^+^ expression (less than 50% vs 50% or more).

2.5. Statistical analysis {#cas14380-sec-0007}
-------------------------

The full analysis set was defined as all patients who received at least 1 dose of nivolumab; the biomarker analysis set included all patients from the full analysis set who gave their consent to participate in the biomarker analyses. The primary and secondary end‐points were assessed in patients who received at least 1 dose of nivolumab and had 1 or more central assessments of tumor response.[^15^](#cas14380-bib-0015){ref-type="ref"} For the efficacy analysis, OS and PFS were analyzed using Kaplan‐Meier curves and estimated median values with 95% CIs. The data cut‐off used for the main paper was 17 May 2015 (and 17 November 2015 for OS)[^15^](#cas14380-bib-0015){ref-type="ref"}; the data cut‐off for this analysis was 17 November 2016, 2 years after the initial dosing of the last patient.

The biomarker analysis examined the relationships between PD‐L1 expression levels (1%, 5%, and 10%), CD8^+^ TILs, and HLA class 1 tumor expression levels and the efficacy of nivolumab (ORR, time to response, duration of response, PFS, and OS). Except for OS, all the efficacy variables used in these analyses were centrally assessed. The Kaplan‐Meier method was used to estimate median values, Cox proportional hazards model was used to calculate hazard ratios, and 95% CIs were calculated using the Wilson method.

Overall survival was defined as the time from the first dose of nivolumab to death from any cause. Progression‐free survival was defined as the time from the first dose of nivolumab to disease progression or death from any cause. Clinical response was assessed using computed tomography scan or other imaging every 6 weeks according to RECIST version 1.1.

3. RESULTS {#cas14380-sec-0008}
==========

3.1. Patient characteristics {#cas14380-sec-0009}
----------------------------

The baseline characteristics for this patient cohort have been previously reported.[^15^](#cas14380-bib-0015){ref-type="ref"} Briefly, the group was predominantly male (83%) with an ECOG PS of 1 (55.4%). All patients were diagnosed with recurrent and metastatic esophageal cancer and 68% of patients (n = 44) received 3 or more prior treatment regimens.

3.2. Biomarker population {#cas14380-sec-0010}
-------------------------

Of the 65 patients originally enrolled in the study, 41 consented to participation in the exploratory biomarker substudy. One patient was excluded from the efficacy analysis due to having multiple primary cancers. In addition, 3 patients were unevaluable for PD‐L1 expression analysis and 2 patients were unevaluable for CD8. No differences in HLA class 1 expression were observed between patients; therefore, HLA class 1 expression could not be used for efficacy assessment.

The majority of the 41 patients in the biomarker substudy group were male (85.4%; median age, 64 years) with an ECOG PS of 1 (63.4%; Table [1](#cas14380-tbl-0001){ref-type="table"}). All patients (n = 41) had squamous cell carcinoma and had received prior treatment regimens, 63.4% of patients (n = 26) received prior radiation therapy (Table [1](#cas14380-tbl-0001){ref-type="table"}).

###### 

Baseline characteristics of Japanese esophageal cancer patients treated with nivolumab who underwent biomarker analysis

  Characteristic                                                      (N = 41)
  ------------------------------------------------------------------- --------------
  Median age (range), years                                           64.0 (50‐80)
  Gender, n (%)                                                       
  Male                                                                35 (85.4)
  Female                                                              6 (14.6)
  ECOG performance status, n (%)                                      
  0                                                                   15 (36.6)
  1                                                                   26 (63.4)
  Histological type[^a^](#cas14380-note-0001){ref-type="fn"}, n (%)   
  Squamous cell carcinoma                                             41 (100.0)
  Prior treatment, n (%)                                              
  Surgery                                                             27 (65.9)
  Radiation therapy                                                   26 (63.4)
  Prior treatment regimens, n (%)                                     
  ≤2                                                                  12 (29.3)
  3                                                                   17 (41.5)
  ≥4                                                                  12 (29.3)

Based on the results at diagnosis.

John Wiley & Sons, Ltd

3.3. Efficacy results obtained 2 years after the initial dosing of the last patient {#cas14380-sec-0011}
-----------------------------------------------------------------------------------

The efficacy results which were obtained 2 years after the initial dosing of the last patient showed an ORR of 17.2% (Table [S1](#cas14380-sup-0001){ref-type="supplementary-material"}). The Kaplan‐Meier curves showed that 2‐year PFS and OS were achieved by 8.6% and 17.2% of patients, respectively. Median PFS was 1.51 months, and median OS was 10.78 months (Figure [S1](#cas14380-sup-0001){ref-type="supplementary-material"}).

Investigator assessment of tumor burden showed that generally the tumor burden at 1 year was maintained at 2 years, which showed continuation of long‐term efficacy (durable response and stabilization of target lesion) in the treatment of esophageal squamous cell carcinoma (Figure [1](#cas14380-fig-0001){ref-type="fig"}). Centrally assessed time to response was a median of 1.45 months (minimum, 1.4; maximum, 3.0), and the centrally assessed duration of response was a median of 11.17 months (95% CI, 3.02; not estimable).

![Change in investigator‐assessed tumor burden in Japanese esophageal cancer patients (n = 64) treated with nivolumab for up to 2 years after the initial dosing of the last patient. CI, confidence interval; max, maximum; min, minimum; NE, not evaluable](CAS-111-1676-g001){#cas14380-fig-0001}

3.4. Correlation of PD‐L1 tumor expression and nivolumab efficacy {#cas14380-sec-0012}
-----------------------------------------------------------------

A numerically higher ORR and a trend towards longer PFS in PD‐L1‐positive patients was found using all expression cut‐off values compared with PD‐L1‐negative tumors (Table [2](#cas14380-tbl-0002){ref-type="table"}, Figure [S2](#cas14380-sup-0001){ref-type="supplementary-material"}). A similar trend was seen with OS (Table [2](#cas14380-tbl-0002){ref-type="table"}, Figures [2](#cas14380-fig-0002){ref-type="fig"} and ). In terms of best overall response, a higher proportion of PD‐L1‐positive patients had a CR or PR compared with PD‐L1‐negative patients. Time to response results for a small number of responding patients (n = 2‐5) were numerically shorter in negative patients compared with positive patients at all PD‐L1 cut‐off values (Table [2](#cas14380-tbl-0002){ref-type="table"}). Similarly, there was a numerically longer duration of response in negative patients vs positive patients, with the exception of the response in 10% cut‐off (Table [2](#cas14380-tbl-0002){ref-type="table"}), although subgroups of patients in these analyses were also small (n = 9‐28).

###### 

Efficacy of nivolumab according to programmed death ligand‐1 (PD‐L1) expression in the biomarker cohort of Japanese esophageal cancer patients[^a^](#cas14380-note-0003){ref-type="fn"}

                                 PD‐L1 cut‐off 1%    PD‐L1 cut‐off 5%    PD‐L1 cut‐off 10%                            
  ------------------------------ ------------------- ------------------- ------------------- ----------- ------------ -----------
  Progression‐free survival                                                                                           
  Median, mo                     2.04                1.41                2.96                1.41        2.96         1.41
  HR (95% CI)                    0.67 (0.33, 1.37)   0.50 (0.24, 1.05)   0.49 (0.21, 1.15)                            
  Overall survival                                                                                                    
  Median, mo                     11.33               6.24                12.12               7.36        9.53         8.95
  HR (95% CI)                    0.84 (0.41, 1.73)   0.81 (0.39, 1.71)   0.87 (0.37, 2.03)                            
  Best overall response, n (%)                                                                                        
  CR                             2 (9.5)             0 (0.0)             2 (15.4)            0 (0.0)     2 (22.2)     0 (0.0)
  PR                             3 (14.3)            2 (12.5)            3 (23.1)            2 (8.3)     1 (11.1)     4 (14.3)
  SD                             5 (23.8)            0 (0.0)             2 (15.4)            3 (12.5)    2 (22.2)     3 (10.7)
  PD                             10 (47.6)           12 (75.0)           5 (38.5)            17 (70.8)   3 (33.3)     19 (67.9)
  NE                             1 (4.8)             2 (12.5)            1 (7.7)             2 (8.3)     1 (11.1)     2 (7.1)
  Overall response rate, n (%)                                                                                        
  ORR (CR + PR)                  5 (23.8)            2 (12.5)            5 (38.5)            2 (8.3)     3 (33.3)     4 (14.3)
  95% CI                         10.6, 45.1          3.5, 36.0           17.7, 64.5          2.3, 25.8   12.1, 64.6   5.7, 31.5

                         (n = 5)              (n = 2)                                       (n = 5)             (n = 2)                                       (n = 3)                                       (n = 4)
  ---------------------- -------------------- --------------------------------------------- ------------------- --------------------------------------------- --------------------------------------------- ---------
  Time to response                                                                                                                                                                                          
  Median, mo             2.76                 1.43                                          2.76                1.43                                          2.79                                          1.43
  HR (95% CI)            0.35 (0.05, 2.63)    0.35 (0.05, 2.63)                             0.23 (0.02, 2.15)                                                                                               
  Duration of response                                                                                                                                                                                      
  Median, mo             12.55                NR[^b^](#cas14380-note-0004){ref-type="fn"}   12.55               NR[^b^](#cas14380-note-0004){ref-type="fn"}   NR[^b^](#cas14380-note-0004){ref-type="fn"}   11.43
  HR (95% CI)            1.40 (0.14, 13.66)   1.40 (0.14, 13.66)                            0.39 (0.04, 3.81)                                                                                               

Abbreviations: CI, confidence interval; CR, complete response; HR, hazard ratio; NE, not evaluable; NR, not reached; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.

Progression‐free survival, best overall response, time to response, and duration of response were centrally assessed.

Not estimable due to censoring.

John Wiley & Sons, Ltd

![Kaplan‐Meier curves for overall survival in Japanese esophageal cancer patients treated with nivolumab and participating in the biomarker analysis, according to programmed death‐ligand 1 (PD‐L1) expression cut‐off values of (A) 1% and (B) 5%](CAS-111-1676-g002){#cas14380-fig-0002}

3.5. Correlation of CD8^+^ TILs and nivolumab efficacy {#cas14380-sec-0013}
------------------------------------------------------

The mean (SD) number of TILs was 68.04 (50.68) and the median (range) was 63.75 (6.5−208.0). A numerically higher ORR was shown in patients with more than 63.75% vs 63.75% or fewer TILs (Table [3](#cas14380-tbl-0003){ref-type="table"}). The median OS was numerically longer in patients with more than 63.75% vs 63.75% or fewer TILs (Table [3](#cas14380-tbl-0003){ref-type="table"}), but no differences in PFS or best overall response were detected (Table [3](#cas14380-tbl-0003){ref-type="table"}, Figure [S4](#cas14380-sup-0001){ref-type="supplementary-material"}). Patients with more than 50% CD8^+^ TILs had a numerically prolonged OS vs those with 50% or fewer CD8^+^ TILs, irrespective of the number of TILs (Table [3](#cas14380-tbl-0003){ref-type="table"}).

###### 

Efficacy of nivolumab according to the presence of tumor‐infiltrating lymphocytes (TILs) and CD8 expression in the biomarker population of Japanese patients with esophageal cancer treated with nivolumab[^a^](#cas14380-note-0006){ref-type="fn"}

                                 Nivolumab (N = 38)   
  ------------------------------ -------------------- -----------
  Progression‐free survival                           
  Median, mo                     1.45                 1.45
  HR (95% CI)                    1.01 (0.50, 2.02)    
  Overall survival                                    
  Median, mo                     11.33                7.85
  HR (95% CI)                    0.94 (0.46, 1.93)    
  Best overall response, n (%)                        
  CR                             1 (5.3)              1 (5.3)
  PR                             3 (15.8)             2 (10.5)
  SD                             4 (21.1)             1 (5.3)
  PD                             10 (52.6)            12 (63.2)
  Unevaluable                    1 (5.3)              3 (15.8)

                                 (n = 4)              (n = 3)
  ------------------------------ -------------------- -----------
  Time to response                                    
  Median, mo                     1.41                 2.79
  HR (95% CI)                    6.29 (0.67, 58.70)   
  Overall response rate, n (%)                        
  ORR (CR + PR)                  4 (21.1)             3 (15.8)
  95% CI                         8.5, 43.3            5.5, 37.6
  Duration of response                                
  Median, mo                     11.43                NR
  HR (95% CI)                    2.54 (0.26, 24.61)   

                                 \>50% CD8+ (n = 11)   ≤50% CD8+ (n = 8)   \>50% CD8+ (n = 7)   ≤50% CD8+ (n = 12)
  ------------------------------ --------------------- ------------------- -------------------- --------------------
  Progression‐free survival                                                                     
  Median, mo                     1.45                  2.18                1.41                 1.45
  HR (95% CI)                    0.80 (0.30, 2.12)     1.22 (0.43, 3.48)                        
  Overall survival                                                                              
  Median, mo                     12.12                 8.43                11.60                7.77
  HR (95% CI)                    1.07 (0.38, 3.03)     1.03 (0.37, 2.91)                        
  Best overall response, n (%)                                                                  
  CR                             1 (9.1)               0 (0.0)             0 (0.0)              1 (8.3)
  PR                             1 (9.1)               2 (25.0)            1 (14.3)             1 (8.3)
  SD                             2 (18.2)              2 (25.0)            0 (0.0)              1 (8.3)
  PD                             6 (54.5)              4 (50.0)            5 (71.4)             7 (58.3)
  Unevaluable                    1 (9.1)               0 (0.0)             1 (14.3)             2 (16.7)
  Overall response rate, n (%)                                                                  
  ORR (CR + PR)                  2 (18.2)              2 (25.0)            1 (14.3)             2 (16.7)
  95% CI                         5.1, 47.7             7.1, 59.1           2.6, 51.3            4.7, 44.8

Abbreviations: CI, confidence interval; CR, complete response; HR, hazard ratio; NR, not reached; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.

Progression‐free survival, best overall response, time to response, and duration of response were centrally assessed.

John Wiley & Sons, Ltd

4. DISCUSSION {#cas14380-sec-0014}
=============

These study results, obtained 2 years after the initial dosing of the last patient, showed that the use of nivolumab monotherapy for the treatment of Japanese patients with esophageal cancer was associated with continued clinical activity. Our results support the hypothesis that PD‐L1 tumor expression with a threshold of 1% and 5%, and the presence of higher levels of TILs, could be predictive of OS in Japanese patients with esophageal cancer and treated with nivolumab, although further research is warranted.

Long‐term use of nivolumab has been investigated in other tumor types, and the results of those studies are similar to the present study. In a phase II study of 76 Japanese patients with NSCLC receiving nivolumab for approximately 3 years, median OS was 17.1 months, median PFS was 2.8 months, and median time to response was 1.4 months; investigator‐assessed CR and PR occurred in 1.3% and 23.7% of patients.[^16^](#cas14380-bib-0016){ref-type="ref"} Similarly, in the 3‐year follow‐up studies of nivolumab (3 mg/kg every 2 weeks) in patients with stage IIIB/IV squamous or nonsquamous NSCLC with disease recurrence/progression during or after prior platinum‐based chemotherapy (CheckMate 017 and CheckMate 057), the median OS and PFS and the ORR in the pooled population were 11.1 months, 2.6 months, and 19%, respectively.[^17^](#cas14380-bib-0017){ref-type="ref"} Another study of patients with heavily pretreated advanced NSCLC receiving nivolumab for a median follow‐up time of 39 months reported a duration of response of 17 months.[^18^](#cas14380-bib-0018){ref-type="ref"}

Regarding the relationship between PD‐L1 expression and nivolumab efficacy, many studies have reported relationships between treatment benefit with nivolumab and PD‐L1 expression levels.[^16^](#cas14380-bib-0016){ref-type="ref"}, [^19^](#cas14380-bib-0019){ref-type="ref"}, [^20^](#cas14380-bib-0020){ref-type="ref"} One study, using a 5% expression threshold, showed the potential of pretreatment PD‐L1 tumor expression as a predictive marker to indicate which patients would benefit from treatment.[^19^](#cas14380-bib-0019){ref-type="ref"} A second phase I study, also using a 5% expression threshold, found a higher ORR in patients with PD‐L1‐positive melanoma, but also reported clinical responses to nivolumab in patients with PD‐L1‐negative melanoma.[^20^](#cas14380-bib-0020){ref-type="ref"} The phase II study in Japanese patients with NSCLC discussed above showed that higher PD‐L1 expression levels led to a greater ORR than low expression levels at all cut‐offs tested.[^16^](#cas14380-bib-0016){ref-type="ref"} In the present study, the PD‐L1 biomarker results provided some evidence that PD‐L1 positivity might be a marker of good response regardless of the expression cut‐off chosen, with a higher proportion of patients having a CR or PR and a lower proportion of patients having progressive disease following nivolumab treatment, although these results need further corroboration in a controlled clinical trial. Some patients with PD‐L1‐negative tumors did respond to nivolumab, albeit to a lesser extent than those with PD‐L1‐positive tumors. Studies investigating the relationship between response to treatment with other PD‐1/PD‐L1‐targeted agents have generally shown that the presence of PD‐L1 expression is related to response to treatment[^21^](#cas14380-bib-0021){ref-type="ref"}, [^22^](#cas14380-bib-0022){ref-type="ref"}, [^23^](#cas14380-bib-0023){ref-type="ref"}, [^24^](#cas14380-bib-0024){ref-type="ref"}; this relationship needs to be explored further with nivolumab.

In the present study, irrespective of the number of TILs, patients with more than 50% CD8^+^ TILs had numerically longer median OS, compared with those with 50% or fewer CD8^+^ TILs; in other studies with various tumor types, CD8^+^ TILs have also been suggested as a good prognostic indicator.[^25^](#cas14380-bib-0025){ref-type="ref"}, [^26^](#cas14380-bib-0026){ref-type="ref"}, [^27^](#cas14380-bib-0027){ref-type="ref"}, [^28^](#cas14380-bib-0028){ref-type="ref"}, [^29^](#cas14380-bib-0029){ref-type="ref"}, [^30^](#cas14380-bib-0030){ref-type="ref"}, [^31^](#cas14380-bib-0031){ref-type="ref"} Similar to the present study, patients with basal‐like breast cancer showed that those with CD8^+^ TILs survived 3.5 years longer than those who did not[^31^](#cas14380-bib-0031){ref-type="ref"} in other studies of patients with breast cancer, the presence of TILs was prognostic for both DFS and OS[^28^](#cas14380-bib-0028){ref-type="ref"} and event‐free survival.[^29^](#cas14380-bib-0029){ref-type="ref"} Similarly, patients with rectal cancer showed a positive association between the number of CD8^+^ cells in tumor tissue and DFS and OS.[^26^](#cas14380-bib-0026){ref-type="ref"} In the present study there was no relationship between CD8^+^ TILs and PFS. Although a numerically longer median OS was noted in PD‐L1‐positive vs PD‐L1‐negative patients (cut‐off 1% and 5%) among patients with TILs greater than 63.75%, the number of patients with available tumor tissue was small (n = 37), and therefore, we cannot definitively conclude that patients' prognosis can be predicted by associating scores of TIL with PD‐L1 expression (Table [S2](#cas14380-sup-0001){ref-type="supplementary-material"}). Further investigations are required to determine the relationship between CD8^+^ TILs and outcomes in a larger population of patients with esophageal cancer.

Predictive biomarkers of nivolumab efficacy other than PD‐L1 were recently reported.[^32^](#cas14380-bib-0032){ref-type="ref"}, [^33^](#cas14380-bib-0033){ref-type="ref"} Tumor mutation burden and MSI were shown to correlate with response to immune checkpoint inhibitors. Higher rates of TMB and MSI‐high status could induce the expression of immunogenic neoantigen, which leads to response to immune checkpoint inhibitor therapy. Although TMB and MSI status were unknown in our study, these biomarkers could influence nivolumab efficacy, rather than PD‐L1 expression and CD8^+^ infiltration. Further investigation of the biomarkers of nivolumab efficacy is warranted.

The main limitation of this analysis was the small size of the population examined, and the limited number of tumor specimens obtained. The majority of samples were obtained from surgical specimens, which were collected before the initiation of nivolumab; therefore, due to the changeable nature of biomarkers, the analysis of PD‐L1 and CD8^+^ might not reflect the status at nivolumab treatment. Recently, CPS, defined as PD‐L1 positivity in both tumor cells and TILs, has been used for the enrichment of patients who respond to immune therapy. In this study, analysis using CPS data was not planned. Although there could be a relationship between PD‐L1 and TILs and survival outcomes, firm conclusions could not be drawn due to the small number of patients and lack of statistical power. An ongoing phase III study of nivolumab in esophageal cancer is expected to confirm the present exploratory results (ClinicalTrials.gov identifier NCT02569242).

In conclusion, long‐term results with nivolumab were revealed to have continued efficacy in Japanese patients with esophageal squamous cell carcinoma. This was the first study to evaluate PD‐L1 tumor expression with a threshold of 1% and 5% as a positive biomarker for nivolumab therapy in this patient cohort and to show that higher levels of TILs, in particular CD8^+^ TILs, were associated with numerically longer OS. Although definite conclusions could not be drawn due to the limited number of tumor specimens analyzed, these results suggest that PD‐L1 tumor expression and TILs could be used to select patients most likely to benefit from nivolumab therapy. Further investigations into the relationship of nivolumab and these biomarkers will be undertaken as part of its ongoing phase III study.
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